Results: The number of hospitalised construction workers at large was reduced from 1134 in the first 10-year period to 699 in the last 9-year period. Among all Danish males, it was, however, even more reduced as reflected in the expected number that was down from 1172 to 617. Hence, SHR increased from 97 during [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] , 100 during 1991-2000 to 113 during [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . It means that SHR increased with an average rate of 0.76% per year (95% CI 0.28 to 1.24) during the study period. A low SHR=72 (95% CI 60 to 87) was found among carpenters in [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . From 2001 to 2009, high SHRs were found among painters (SHR=147; 95% CI 111 to 192) and plumbers (SHR=132; 95% CI 101 to 171). In general, the selected groups of construction workers had, however, a low or average SHR due to chronic lower respiratory diseases.
Conclusions:
The number of hospitalised workers, suffering from chronic lower respiratory diseases, was reduced over time for construction workers, but for all economically active men, it was reduced even more. Therefore, SHR due to chronic lower respiratory diseases increased over time in the construction industry at large.
ARTICLE SUMMARY Article focus
▪ The focus of the study was to show trends in age-standardised hospital admission ratios (SHR) for chronic lower respiratory diseases, estimated among Danish construction workers over three time periods (1981-1990, 1991-2000, 2001-2009 ). ▪ Exposure to dust, gases, vapours and fumes was known to cause chronic lower respiratory diseases, but the incidence of these diseases and the change over time was not known for various dust-exposed building construction professions. ▪ The number of construction workers hospitalised due to chronic lower respiratory diseases was reduced over time for construction workers, but for all economically active men, it was reduced even more.
Key messages
▪ A decreased standardised hospitalisation ratio (SHR) due to chronic lower respiratory diseases was found in 1991-2000 among carpenters. From 2001 to 2009, a high SHR was found among painters, plumbers and 'other construction workers'. SHR increased significantly over time among 'construction workers at large'. ▪ The highest SHR's were found among workers aged 45 or more at baseline.
Strengths and limitations of this study
▪ Strength of our study design is that it covers the entire nation and therefore neglects urbanisation differences and that that we are able to follow people over a 29-year period. ▪ Strength is also that hardly any worker is lost to follow-up because civil registration files and hospital records are complete. We also consider it as strength that our cases are hospital-discharge diagnoses rather than self-reported illness. ▪ The use of hospital discharge cases is, however, also a limitation because admission criteria change over time, so only relative measures such as SHR are reliable risk measures. 
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a major cause of chronic morbidity and mortality throughout the world. COPD is currently the fourth leading cause of death in the world and incidence is increasing. COPD is a disease characterised by airflow limitation that is not fully reversible. 1 A recent study based on 4757 patients from 155 general practices in two (out of 12) counties estimated the overall COPD prevalence in the Danish population to be 9%. 2 The value is in consistence with prevalence rates found in Spain (10.2%) 3 and Norway (11.6%). 4 The major environmental factor that causes COPD is tobacco smoke (both active 5 and passive smoking 6 ). Also heavy exposure to occupational dusts and chemicals (vapours, irritants and fumes), and indoor/outdoor air pollution are known risk factors. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] When the occupational exposures are sufficiently intense or prolonged, they can cause COPD independently of cigarette smoking and can in addition increase the risk of the disease in the presence of concurrent cigarette smoking. 16 The lung function deteriorate with accumulating occupational exposure to dust. 17 Furthermore, ongoing occupational fume exposure has been shown to affect the rate of decline in lung function among men with early COPD over 5 years of follow-up. 7 Therefore, a substantial proportion of COPD cases cannot be explained by tobacco smoke alone. 18 A recent Danish review 19 concludes: 'there is strong evidence for a causal association between various types of occupational exposures and COPD'. COPD should be considered as a potentially work-related condition.
Occupational exposure to dust and chemicals and a higher risk of COPD, is found in several manual occupations. An excess risk of COPD is found among farmers, cotton textile workers, wood carpenters, bakers and mill workers who are exposed to organic dust. 8 10 However, exposure to inorganic material has also been associated with airway obstruction among welders, foundry workers, asphalt workers and coal miners. 8 9 12 13 Previous studies have measured dust concentrations in the construction industry in a level that may constitute a hazard for developing chronic lower respiratory diseases. In the 1970s, the Swedish Construction Industry's Organization for Working Environment, Safety and Health described high peaks of dust exposure in the work for concrete workers, painters, plumbers, insolators and electricians. 14 20 A Danish study from the 1980s found examples where workers in the construction industry were exposed to 1.2-25.5 mg/m 3 respirable dust (limit 5 mg/m 3 ). 21 More recent studies have measured respirable dust in construction industry with concentrations between 2 and 3 mg/m 3 during different concrete tasks. 15 22 The Institute for Occupational Safety and Health of the German Social Accident Insurance measured respirable dust in different work processes within the construction industry and showed concentrations for bricklaying at 0.67 mg/m 3 , grinding ( painters) at 1.24 mg/m 3 , and drilling at 1.07 mg/m 3 (concrete workers) (BGIA-report). 23 These studies show that there has been a significant dust exposure in several professions within the construction industry with the highest exposure among concrete workers. It is often assumed that the dust exposure today is lower but we have not found any up-to-date measurements to prove this. Two studies of tunnel workers and several studies of building and construction workers showed an increased risk of COPD. 8 11 24-26 We found no studies that followed the time trend in relative risk of COPD owing to occupational exposure.
Hence, the aim of the present study was to identify trends in age-standardised hospital admission ratios (SHR) for COPD (international classification of diseases version 8 (ICD-8))/chronic lower respiratory diseases (ICD-10), estimated for all Danish construction workers and specific construction occupations (bricklayers, carpenters, electricians, painters, plumbers and others combined), over three time periods (1981-1990, 1991-2000, 2001-2009 ). This study should be considered descriptive because we have no individual data to adjust for smoking habits.
MATERIALS AND METHODS
Data for the present study were extracted from the Occupational Hospitalisation Register (OHR). 27 OHR is a research database obtained through a record-linkage between three national registers-the civil registration system, the national patient register and the employment classification module. Currently, the OHR includes every person who has been economically active and an inhabitant of Denmark sometime after 1980.
The national patient register has existed since 1977 and contains data from all hospitals in Denmark (more than 99% of all admissions). From 1977 to 1994, the register only included inpatients. But from 1995 it also covers outpatients and emergency ward visits. In the time period 1977-1993, the diagnoses were coded according to ICD-8. Since 1994, they have been coded according to ICD-10.
The Civil Registration System contains information on gender, addresses and dates of birth, death and migrations for every person who is or has been an inhabitant of Denmark sometime between 1968 and present time.
Since 1975, Statistics Denmark register a person's occupation and industry annually in the employment classification module. From 1975 to 1993, the occupations were coded in accordance with NYSTGR, an extended version of ISCO-68 (the 1968 version of the Standard Classification of Occupations), while the industries were classified by DSE77, a national version of ISIC-68 (the International Standard Industrial Classification of All Economic Activities). Since 1993, the occupations are coded according to DISCO-88, a national version of ISCO-88. In 1993-2002, the industries were coded according to DB93, a national version of NACE (the statistical classification of economic activities in the European Community). In 2003-2006, they were coded according to DB03, and since 2007, they are coded according to DB07; these classifications are national versions of NACE. 27 The occupation classified was the one, which gave the highest income during the year before baseline. For any given individual, the follow-up ended at the date of the hospital admission due to chronic lower respiratory diseases, death or migration or at the end of the follow-up period whichever came first. All economically active men were used as standard population and standardised hospitalisation ratios (SHR) for chronic lower respiratory diseases was calculated for the construction industry at large and for each of the following occupational groups: bricklayers, carpenters, electricians, painters and plumbers. SHRs were standardised for age and time period, where age-standardised SHR were calculated for three periods (1981-1990, 1991-2000, 2001 -2009) using 5-year age strata based on the person's age when entering each period. Thus, the observed number of hospitalisation for chronic lower respiratory diseases for the construction workers were compared with the expected number of hospitalisation for chronic lower respiratory diseases for All Danish males for each 5-year age strata, to obtain the SHR for each time period. The same method was used for All Construction Workers and for each subgroup (bricklayers, carpenters, electricians, painters, plumbers and others combined). A person was regarded as a COPD/chronic lower respiratory diseases patient if he had a principal discharge diagnosis in the ICD-8 interval 490-493 (bronchitis, emphysema and asthma (COPD)) or in the ICD-10 interval J40-J47 (chronic lower respiratory diseases).
For the construction industry at large, we also calculated SHR for chronic lower respiratory diseases by age group. We obtained the SHR for workers in, for example, the age group 20-24 years by (1) adding the observed number of cases in the time periods 1981-1990, 1991-2000 and 2001-2009 among those who were 20-24 years of age at baseline in these respective time periods; (2) dividing the above sum by the sum of the corresponding expected numbers; and (3) multiplying this ratio by 100.
(If the rates among the 20-24-year-old construction workers were equal to those among the 20-24-year-old in the standard population (all economically active men in Denmark) then the SHR would be equal to 100.)
For the SHRs, we estimated 95% CI based on the assumption that the observed number of cases followed a Poisson distribution. We calculated exact intervals when the observed number of cases was less than 100. Otherwise, we used the propagation of error formulas and normal approximation to form a 95% CI around the logarithm of the SHR, which we then transformed into a 95% CI around the SHR.
We used Poisson regression to estimate the average annual change rate in SHR for the construction industry at large. As a regressor we used a variable T, which was set to 0 among the observations from the time period 1981-1990, T=10 among the ones from the time period 1991-2000 and so on. The logarithm of the age-standardised and time-period-standardised expected number of cases was used as offset.
For each time period k, the SHR for an occupational category i was calculated through the following formula:
where OBS ijk is the observed number of cases and PYRS ijk is the number of person years at risk in occupational category i, age category j and time period k, while OBS .jk and PYRS .jk are the corresponding numbers in the standard population. For a given occupational category i, the SHR for age category j was calculated through the formula: Table 1 shows the SHRs due to chronic lower respiratory diseases among construction workers from different occupations. The number of hospitalised construction workers at large was reduced from 1134 in the first 10-year period to 699 in the last 9-year period. Among all Danish males, it was, however, even more reduced as reflected in the expected number that was down from 1171.8 to 616.6. Hence, SHR increased from 97 during 1981-1990, 100 during 1991-2000 to 113 during 2001-2009. This increase was due to increasing SHRs in two groups: painters and 'other constructionworkers'. A test for trend showed for the construction industry at large, that SHR increased with an average rate of 0.76% per year (95% CI 0.28 to 1.24) during the study period.
We found a statistically significant increase of SHR among constructions workers in total, and among painters, plumbers and 'other construction workers' but only for the period 2001-2009. During 1981-1990, SHR was significantly low for carpenters. Table 2 shows the SHR due to chronic lower respiratory diseases among male construction workers for the three follow-up periods combined. SHR were increased for age groups more than 45 years, but only significantly for subjects aged 45-59 years. When looking only at the period 2001-2009, the SHR due to chronic lower respiratory diseases among all male construction workers was 106 (95% CI 92 to 121) among the 20-39-year-olds and 117 (95% CI 107 to 128) among the 40-year to 59-year old.
DISCUSSION
Our data suggest that the number of hospitalised chronic lower respiratory diseases patients decrease over time, but not as fast among construction workers as among all economically active men. We found significantly high SHRs' among painters, plumbers and 'other construction workers combined', from 2001 to 2009 as well as for construction workers at large. The increased SHRs tend to be found among patients aged 45 or more. Most noteworthy is, however, an increasing time trend in SHR in the construction industry at large.
Chronic lower respiratory diseases often reduce the lung capacity among workers to half or less before they refer themselves to a physician. The real incidence is therefore likely to be higher than the incidence of hospitalised chronic lower respiratory diseases patients, but we have no reason to believe that the undiagnosed proportion is higher among those occupied in dusty construction work. On the contrary, workers in these occupations need a good lung capacity, and a chronic lower respiratory diseases diagnosis may therefore be suspected earlier. If so, we may overestimate the SHR among construction workers.
We used the ICD-8 code '490-493' (asthma, emphysema and bronchitis) to identify hospital cases. Since this definition is broader than the Gold definition of COPD, some of our cases are not COPD patients in a clinical definition. This dilution weakness tends to bias our results towards unity. It is also a weakness of our study that exposure is only indicated by occupation. Within the same occupation, there may be different work tasks and thus various exposures to dust. This dilution may also bias the results towards unity.
Chronic lower respiratory diseases severe enough to require hospitalisation associated with occupational hazards (dust, fumes, etc) usually develop after 20-30 years of exposure. We do not include people older than 59 at baseline. Latency time, especially for emphysema, may be too long for a discharge to occur before the end of follow-up. If so, our 10-year follow-up periods may be too short and thus bias the SHR towards unity. It is an important strength that the occupation is measured as the occupation providing the highest income during the year before 28 Hence, the true dust-related SHR is likely to be slightly lower than reported in the present study.
Smoking data from the Danish Working Environment Cohort Study 29 collected during each of the years 1990, 1995, 2000 and 2005 shows that smoking has been reduced considerably (table 3) . The relative importance of dust to smoking has therefore increased.
Strength of our study design is that it covers the entire nation and therefore neglects urbanisation differences. Strength is also that hardly any worker is lost to follow-up because civil registration files and hospital records are complete. We also consider it as strength that our cases are hospital-discharge diagnoses rather than self-reported illness. Finally, it is strength that we are able to follow people over a 29-year period.
It takes many years of exposure to dust and a considerable latency time to develop hospitalising chronic lower respiratory disease cases. Chronic lower respiratory diseases occurring prior to 45 years of age are usually in individuals with increased susceptibility due to asthma, emphysema, or small-airways disease. In this study, we showed an increased risk of hospitalisation due to chronic lower respiratory diseases after the age of 45 compared to the general population. This may indicate that dust increased the risk of hospitalisation due to chronic lower respiratory diseases before 1995 but not since then.
The present study showed that painters, plumbers and other construction workers in combination had substantially increased SHRs compared to all Danish males during the most recent time period at the same time as the smoking pattern was average compared to all males.
Protection against dust has been a prioritised field within occupational health for more than half a century. The awareness of the dust hazard is relatively high among building construction workers, and the labour inspection service close down dusty work processes. There are many possibilities to replace dusty processes with other less dust-producing methods (such as wet cutting) and new tools to collect dust at the source. However, wearing masks is inconvenient, it inhibits breathing and is warm and unpleasant. It also takes time and is expensive. Hence, it is still common to see dusty processes carried out by construction workers without protective masks. Furthermore, there are more quartzholding concrete buildings to repair. Hand-held tools, such as angle grinders, pneumatic and electric drills, are used more and they are more powerful, that is, they can disintegrate more concrete into dust per time unit. The respirable fraction of the dust is also likely to have increased but it is problematic that no recent measure of dust exposure in various construction occupations is available. Therefore, it is still necessary to focus on these issues.
In conclusion, we found that hospitalisation due to chronic lower respiratory diseases decreases, not so much for construction workers, however, as for other economically active men. For the construction industry at large, SHR increases over time. 
